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Materials
1-Bromobutane was purchased from Aladdin Reagents Co. (Shanghai, China). 1-Vinylimidazole was purchased from Acros and passed through a column of neutral alumina to remove the inhibitor before use. Ammonium fluoborate, 1,2-ethanedithiol (ED) and poly(ethylene glycol) diacrylate (PEGDA, Mw=600) were purchased from Shanghai Chemical Reagents Co., Ltd. Pentaerythritol tetraacrylate (PETA), 1,2,4,5-benzene tetracarboxylic acid (BTCA), triethylamine (TEA) and lithium hydroxide were purchased from Alfa. The organic solvent (ethyl acetate, nhexane, dichloromethane, methanol, and diethyl ether) used in this work were commercially purchased and used without further purification. Deionized water was utilized throughout all the experiments.
Characterization 1 H NMR measurements were carried on UNITY INOVA 400MHz nuclear magnetic resonance instrument at room temperature using DMSO-d6 as the solvent. Fourier transform infrared (FT-IR) spectra were conducted on a Varian CP3800 spectrometer at a resolution of 4 cm -1 in the range of 4000-600 cm -1 . Scanning electron microscopy (SEM) images were taken with a Philips Model XL 30 FEG microscope with an accelerating voltage of 10 kV.
Mechanical tests:
The mechanical tests were carried on an electronic tensile machine (Instron) with a 50-N load cell. The dumbbell shape DN ionic liquid gel (10.0 mm × 2.0 mm × 2.0 mm) was used to stretch tests and the stretching rate was set at 50 mm min −1 . The cylinder-shaped DN ionic liquid gel (15 mm in diameter and 15 mm in height) was used to compression test and the compressing rate was set at 25 mm min -1 .
Transparency test:
The transparency of the samples was performed using a UV-Vis spectrophotometer (UV-2700-daojin). The wavelength for testing was set from 400 to 800 nm.
Impedance test:
The impedance spectroscopy was measured by a four-point probe resistivity measurement system (M-3/JINGGE).
Thermogravimetric analysis (TGA) measurements:
TGA measurement was performed on a TGA 4000 via scanning a temperature range from 30 to 800 °C (10 °C min −1 ) under flowing air.
Differential scanning calorimetry (DSC) characterization:
The click-ionogel and hydrogel were investigated for the freezing temperature and glass transition temperature using DSC 4000 via scanning a temperature range from -100 °C to 20 °C (20 °C min −1 ) under flowing N2.
Rheological test:
Rheological tests of the DN ionic liquid gel samples (cylinders, 20 mm in diameter and 3 mm in height) were carried out by using a rheometer (MCR 702 TwinDrive) via scanning a temperature range from -100 to 200 ºC. The storage moduli (G') and loss moduli (G'') of the samples were measured on frequency sweep of 10 rad s -1 at a constant strain of 1%.
Density Functional Theory (DFT) Study:
The simulation was performed by the density functional theory program DMol3 in Material Studio. According to numerical basis sets, Dmol3/GGA-PBE/DNP(3.5) basis set 1(3), the physical wave function was expanded.
The interaction energy (Eint), indicating the intensity of interaction between the components in the system, is calculated according to the following equation
= − components
Where Etotal and Ecomponents represent the total energy of the system, and the energy of each component in the system, respectively. The larger the negative Eint, the stronger the interaction. 
Fig. S4. 1 H NMR characterization of poly(ionic liquid)s (PIL-BF4).

Fig. S5. Preparation of ionic cross-linked gels.
The IC gels were formed through electrostatic interactions between the cationic PIL-BF4 and the anionic BTCA.
Fig. S6. Preparation of covalently cross-linked gels.
The mixture of monomer and catalyst was vigorously stirred at roomtemperature and the gelation time was checked by tube inversion method. Compared with the sulfhydryl group, a carbon-carbon double bond is more stable in air. Therefore, the content of double bonds before and after the reaction is used to calculate the reaction conversion. The content of carbon-carbon double bonds (n(C=C)) before and after gelation was determined by the Wijs method according to Association of Official Analytical Chemists (AOAC) methods. Both types of analysis were run in triplicate. As shown in fig. SX , iodine chloride was used for double-bond saturation analysis, and the consumed iodine was measured by titration with 0.1M standard sodium thiosulfate solution. The content of carbon-carbon double bonds can be calculated using the following formula
Where n(C=C) is the content of carbon-carbon double bonds, V0 and V1 are the volumes of standard sodium thiosulfate solution before and after titration, respectively and m is M is the weight of the samples. Then reaction conversion was obtained using the following formula
where η is the reaction conversion, n0 and n1 are the content of carbon-carbon double bonds before and after gelation. According to the formulas, the reaction conversion is 99.3%, indicating that the reactant is almost completely consumed. Since the ratio of monomer (PEGDA) to crosslinker (PETA) is 10:1, the crosslinking density (Mc) can be calculated by the following formula
The crosslinking density (Mc) is about 6940 g/mol. The black "/ " represents that the conductivity of corresponding ionic liquids cannot be obtained at room temperature. 
